The paper reports on exploratory research into the factors influencing adoption of low impact development (LID) regulations by local government. The research uses ten case studies ranging from low to high level adoption of LID in Virginia. Based on the theory of diffusion of innovations, perceived characteristics of LID, characteristics of the adopting local government, motivations of the adopter, and the surrounding organizational context of the adopter are chosen for the key factors influencing on LID adoption. By reviewing the local governments regulations related to stormwater management, meeting minutes, reports and documents, and in-depth interviews, the evaluation of the key factors and the local LID adoption was conducted. As a result, adopters with a high level of LID adoption at the time of the study were heavily influenced by champions of LID within local government and communities. In contrast, moderate level adopters
I. Introduction
Urban land development has rapidly converted natural land into impervious surfaces (i.e. buildings, roads, parking lots) producing a significant increase in stormwater runoff and nonpoint source pollution to streams and rivers (EPA, 2007) . Under natural hydrologic conditions, typically less than 10% of rainwater turns into stormwater runoff (Kloss, 2006) . However, conventional management treats stormwater as a nuisance (Alexander and Heaney, 2002) and heavily relies on an engineering based end-ofpipe treatment to remove stormwater runoff (Randolph, 2004) . In the 1990s, a potential paradigm shift emerged from an engineering-based approach to low impact development(LID) infiltration-based techniques and strategies (Randolph, 2004) to overcome the shortcomings of conventional stormwater management by a new perspective and more effective runoff control with decentralized on-site methods.
In early 1990s, LID was developed in Prince
George's County, Maryland and became a significant change in stormwater management tradition in the United States. The US Environmental Protection Agency (EPA) defines LID as "a site design strategy with a goal of maintaining or replicating the predevelopment hydrologic regime through the use of design techniques to create a functionally equivalent hydrologic landscape (EPA, 2000) ." LID considers stormwater runoff as a resource to protect by using natural hydrological patterns to prevent or reduce the impact of development (EPA, 2000; PGCDER, 1999; NRDC, 2001) . In contrast to conventional stormwater management, LID involves a more complex bundle of practices and techniques that vary in importance based on characteristics of the site and the watershed. LID includes a suite of structural and nonstructural stormwater management practices. First, bioretention or rain gardens, grass swales, rooftop gardens and rain barrels are the most frequent structural technologies used to control excessive stormwater runoff on-site.
Bioretention and grass swales have multiple functions for detention, retention, and water quality improvement for stormwater runoff (Coffman, 1998) . Bioretention, pervious pavements and grass swale practices have proved to be effective in retaining runoff volume and filtering pollutants on sites (Dietz, 2007) .
To date, LID studies have focused on hydrological performance and economic benefits of individual LID practices and have shown the effectiveness of LID practices in retaining pollutants and preserving natural hydrologic function of a site (Dietz, 2007) . However, implementing LID practices involves multiple stakeholders (SEMCOG, 2008) and the process of LID adoption is likely to be complex and warrants exploratory investigation. The range of goals across key stakeholders contributes to the complexity of LID adoption, at least during this early phase of diffusion. For example, developers and builders focus on the economic feasibility of the development, which favors regulatory clarity and timely approvals (NAHB,2003) . LID practices requiring more time or uncertainty for approval 120 환경영향평가 제24권 제 2호 and low-level adopters emphasized the importance of external forces like state regulatory mandates and the need for clear models to implement.
Keywords : LID, Diffusion of Innovations, Innovation Adoption, Case study are likely to impede widespread LID adoption (Lebarron, 2007) . Lower development costs would potentially offset time delays. Home owners (buyers) influence development decisions through the value they place on the environmental amenities and performance of their property and subdivision (NAHB, 2003) . And local government elected officials, planning staff, engineering staff and plan reviewers are intensely involved in LID adoption (SEMCOG, 2008; NAHB, 2003) .
Most of all, local building codes and zoning ordinances have been identified as major impediments to LID adoption (Landers, 2004; EPA 2007; MacMullan and Reich, 2007) . Nowacek et al.,(2003) interviewed key players in stormwater management and found that the outdated existing municipal ordinances were the barriers to adopt infiltration stormwater. Landers (2004) and MacMullan and Reich (2007) argue that local building codes and zoning ordinances are often the major hurdles to LID adoption even though LID is gaining more favor from many jurisdictions. Delays are primarily due to the complex and time consuming process of amending or creating local codes and ordinances in favor of LID adoption (NRC, 2008 Localities can implement LID through zoning and subdivision ordinances, stormwater ordinances, comprehensive plans, and incentive programs. Also, LID practices and strategies can be used as an implementation tool for a community's plans for greenways, recreation, stormwater, and watershed management. But the first step is the locality's adoption of LID policies and practices.
Ultimately, the findings of this study will benefit potential localities in the U.S. as well as other countries considering LID adoption. For example, the environmental problems due to urbanization are getting worse in Korea and government agencies have adopted LID as an option to improve urban water cycle and adapt to climate change.
However, LID adoption in Korea is still in a beginning stage and there is little research about planning and policy perspective of LID for effective implementation (Kang et al, 2014 
Identifying Key Factors to Innovation Adoption
Research on diffusion of innovations has addressed determinants of innovation adoption, the rate of innovation adoption, and regional dif- From Code to score: (1) = 1 point (2) = 2 point (3) = 3 point nizational context (Table 2) .
Motivation is one of the driving forces for the adoption and implementation of innovations. For instance, the relative advantage of the innovation in terms of cost or functionality is often considered to be the primary motivation to adopt (Rogers, 2003) . In the policy arena, Berry and
Berry ( Table 2 .
For the characteristics of innovations influencing adoption, several factors have been found to influence adoption (Damanpour, 2009; Frambach, 2002; Koebel, 2006; Tornatzky & Klein, 1982; Walker, 2006) . According to Rogers (2003) , five key characteristics of innovation affect the rate of adoption: observability, relative advantage (reflecting costs and functionality), compatibility, trialability, and complexity. This study focuses on the perceived complexity of LID, the relative advantage of LID (its hydrologic, economic, environmental, aesthetic advantages), and the observability of LID through pilot projects and demonstrations.
Organizational characteristics influencing adoption can be categorized as human resources, organizational structure, organizational culture and decision process, and market context (Koebel, 2004) . Berry and Berry (1999) also argue that policy diffusion strongly depends on the economic, political, and social characteristics of the organization that adopts a policy. As part of the organizational culture and decision process, innovation champions play an important role in advancing a new idea in an organization (Howell & Higgins, 1990; Rogers, 2003) . At last, the adoption of an innovation is not an independent process separate from its organizational context (Daley and Galand, 2005) . For example, states are influenced by the federal government and by other state governments in adopting new policies. Berry and Berry (1999) identified the importance of horizontal and verti- 
III. Research Method
This research uses multiple cases to investigate the factors affecting LID adoption in local governments. The study was conducted in Virginia, which has 95 counties and 39 county equivalent independent cities. In particular, Virginia supports LID adoption by localities and Virginia stormwater regulations §10. 1-603.4(8) . states that "Encourage low impact development designs, regional and watershed approaches, and nonstructural means for controlling stormwater". This regulation allows counties and cities in Virginia to utilize LID practices and strategies. As LID is mostly considered in urban areas, only localities with populations greater than 25,000 people were selected (reducing the universe to 48 counties and 18 cities). The local codes and ordinances of these 66 communities were searched using the words "low impact devel- 
IV. Results

Level of LID Adoptio n
According to six evaluation criteria, LID adoption in localities shows in three levels as in 
Key Factors to LID Adoption
The cases in this study range across the three levels of LID adoption, as already shown. hydrologic and aesthetic benefits were considered to have high influence. Interestingly enough, both localities did not put much emphasis on shortterm economic benefits of LID. A Spotsylvania official claimed that "Economy-I always put that last, because there is always someone who is going to find something that is more expensive than what they would normally do. They always have that argument but it is when you look at the long term maintenance and everything, it's
[LID] a whole lot cheaper and it's really practical."
Moreover, many LID demonstration projects were available locally in these communities (e.g. 
V. Conclusions and Lessons Learned
Conclusions
The purpose of the study was to explore the 
Lessons Learned
Diffusion of LID is a dynamic, complex process that is difficult to predict and more difficult to clearly influence. Although bounded by significant limitations, our study points to a few lessons that logically correspond to a diffusion process that gains momentum and changes as adoption It might require the stronger push of state mandates to fully diffuse LID practices among late and low-level adopters.
